METHODS AND RESULTS

Microsatellite marker development
A modified cetyltrimethylammonium bromide (CTAB) method (Lodhi et al., 1994) with the volume of solutions downscaled 10-fold was used to isolate the genomic DNA of 14 individuals of T. calyculata (two individuals in each of five populations collected across the whole distribution range, including both lowland and alpine populations; Appendix 1). The sequencing facility GenoScreen (Lille, France) prepared libraries based on previously published methodology (Malausa et al., 2011) . The fragmented DNA was hybridized to eight probes (TG, TC, AAC, AAG, AGG, ACG, ACAT, and ACTC) to enrich the DNA library. The sequencing was performed on a MiSeq Nano 2 × 250 machine (Illumina), and sequencing yielded 4,998,842 reads. Of these reads, 735,657 contained microsatellites and 1235 candidate loci were identified (see Appendix S1). Of these loci, 83.24% contained dinucleotide repeats, 14.09% contained trinucleotide repeats, and 2.67% contained tetranucleotide repeats. All sequences are archived in the GenBank Sequence Read Archive (BioSample accessions SAMN11608780 and SAMN11608781). Primer3 implemented in the program QDD (Malausa et al., 2011) was used to design multiple primer pairs for every locus (for a total of 9431 primer pairs). Of these, one primer pair was selected for every locus (for a total of 1235 primer pairs). Of these selected primers, we used 50 primer pairs to identify polymorphism. Primers were synthesized (Sigma-Aldrich, St. Louis, Missouri, USA) with M13 tails preceding the 5′ end of the forward primer sequences following Schuelke (2000) . was performed in 5-μL volumes containing 2.5 μL of QIAGEN Multiplex PCR Master Mix (QIAGEN, Hilden, Germany), 0.5 μL of M13-tagged forward primer, 0.25 μL of species-specific reverse primer, 0.25 μL of fluorescently labeled (5′-FAM) M13 primer (10 μM each in initial volume for each primer), 20 ng of DNA dissolved in 0.5 μL of TE buffer, and 1 μL of H 2 O. The following thermocycler conditions were used following Schuelke (2000) : an initial denaturation step at 95°C for 15 min; followed by 25 cycles of denaturation (95°C for 60 s), annealing (60°C for 60 s), and extension (72°C for 60 s); followed by 10 cycles of denaturation (95°C for 30 s), annealing (53°C for 45 s), and extension (72°C for 45 s); and a final extension at 72°C for 15 min. During the first 25 cycles, specific PCR products are produced, and in the following 10 cycles the fluorescent M13 tag is ligated to the M13 forward primer (Schuelke, 2000) . All of the 50 primer pairs (100%) were successfully amplified, but only 44% of those loci (20) were polymorphic. We used the polymorphic primer pairs to detect variability in 20 individuals of T. calyculata from five populations (Appendix 1); these 20 individuals were tested in two multiplex reactions (described below). Based on this variability screening, 19 polymorphic primer pairs were chosen for further testing (Table 1) ; details for the remaining 31 primer pairs are provided in Appendix 2.
Genotyping
We isolated DNA from 101 individuals of T. calyculata from five populations (three alpine and two lowland) and from six individuals of the congeneric species T. pusilla (Michx.) Pers. from two alpine populations (Appendix 1).
DNA amplification was performed in two multiplex reactions containing 2.5 μL of QIAGEN Multiplex PCR Master Mix and 20 ng of DNA dissolved in 0.5 μL of distilled water. For multiplex mix I, the PCR contained 1.94 μL of primer mix (10 μM each in initial volume) and 0.06 μL of H 2 O; for multiplex mix II, the PCR contained 1.875 μL of primer mix (10 μM each in initial volume) and 0.125 μL of H 2 O. Final volumes of primers are given in Table 1 . The following thermocycler conditions were used: an initial denaturation step at 95°C for 10 min; followed by We used SPAGeDi (Hardy and Vekemans, 2002) to calculate levels of observed and expected heterozygozity and number of alleles in each population. GENEPOP version 4.2 (Rousset, 2008) was used to test Hardy-Weinberg equilibrium and linkage disequilibrium. The number of alleles per locus ranged from one to 11, and the mean levels of observed and expected heterozygosity ranged from 0.10 to 0.39 and 0.12 to 0.49, respectively ( Table 2 ). The highest number of alleles and heterozygosity values were detected in two populations from the Alps, which is the center of distribution of the species. All markers were polymorphic in at least one of the studied populations, with 68% of markers polymorphic in four of five populations. Significant deviations from Hardy-Weinberg equilibrium were found in only five loci in the Monkova dolina population (Table 2) , and significant linkage disequilibrium was found only in the Sosnowiec-Bory population (loci Tof22/Tof35, significant after Bonferroni correction).
We also tested cross-amplification of these loci in the closely related species T. pusilla using six individuals from two populations (Appendix 1). Six of 19 loci successfully amplified (Table 3) . Using these microsatellites in other species in the genus Tofieldia may therefore be possible. More loci for testing are available in the GenBank Sequence Read Archive (BioSample accessions SAMN11608780 and SAMN11608781).
CONCLUSIONS
We developed, successfully amplified, and multiplexed 19 polymorphic markers in T. calyculata. These polymorphic loci will be used in a future study to reveal the genetic diversity of remaining lowland populations and to compare them with alpine populations. Total number of alleles in each population and the multilocus mean of levels of observed and expected heterozygosity. *Significant deviation from Hardy-Weinberg equilibrium after Bonferroni correction.
TABLE 3.
Allele size ranges obtained during cross-amplification trials of microsatellite loci isolated from Tofieldia calyculata and tested in two populations of T. pusilla (n = 6).
Locus Allele size (bp)
Tof4 Tof7  121  Tof11  -Tof13  153  Tof19  -Tof22  -Tof33  -Tof35  -Tof46  -Tof50  -Tof5  -Tof9  120  Tof15  -Tof21  -Tof27  -Tof31  -Tof34  246  Tof42  274  Tof45  290 Note: -= indicates unsuccessful amplification. APPENDIX 1. Accession information for Tofieldia species used in this study.
Species name
Voucher specimen (Herbarium) 
